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ABSTRACT 
 
The goal of this project was to help the City of Boston develop a building inventory to 
track investment needs and coordinate upgrading projects. We assessed the usefulness of an asset 
management system and determined the main variables of the buildings that should be included 
in it. We tracked energy consumption and capital investment data on our sample of branch 
libraries that were recently upgraded. Based on our analysis of this data, we also proposed 
several feasible recommendations for alterations to their system maintenance and building 
upgrades in order to maximize energy efficiency and sustainability. 
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EXECUTIVE SUMMARY 
 
The City of Boston has undertaken the goal of reducing its greenhouse gas emissions by 
seven percent by 2012 and eighty percent by 2050 of its 1990 levels. Global climate change, 
which is caused by the increase in the release of these emissions, is posing a threat to the quality 
of life of the Earth‘s inhabitants. Buildings have been found to account for up to thirty percent of 
all these emissions released into the atmosphere. Therefore, the city‘s focus is on the 
maintenance and upgrades of its municipal buildings in an attempt at maximizing energy 
efficiency and sustainability. 
Over the past seven weeks we have worked with the City of Boston, specifically the 
Environment Department, to aid in their endeavor to develop a building inventory to track capital 
investment needs and coordinate upgrading projects. In order to determine the capital investment 
needs of each building, we tracked the energy consumption and capital investments in a 
quantitative sample of six Boston Public Library (BPL) branches. This research paper documents 
our findings, analysis and final recommendations for the system maintenance and upgrades of 
the city‘s municipal buildings. 
We also selected other branches that have recently had significant capital investments, in 
order to develop qualitative data. We visited each of these libraries to take photographs of the 
energy conservation features of the building. We also conducted interviews with each building 
manager, librarian or janitor to get an understanding of the maintenance strategies employed at 
each location. From these interviews, we were able to compare if long-term upgrades are better 
than short-term solutions. However, these interviews also provided insight into the human and 
social aspect of energy conservation. This proved to be an important part of our analysis, as the 
building‘s occupants contribute significantly to the energy consumption patterns. 
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After we completed our site visits, we turned our attention to the energy consumption 
analysis of the six BPL branches chosen for our quantitative energy consumption analysis. We 
essentially performed a ―general audit‖, where we examined the energy bills of each building in 
order to ascertain energy consumption patterns. These energy bills were retrieved for the last ten 
years, in relation to the capital investments done to the building during that time period. This 
enabled us to propose a correlation between the types of upgrades done to the building and the 
change in the pattern of energy use, if any, from the previous benchmark pattern. We analyzed 
this relationship for significant changes in energy usage of each building after the upgrades were 
implemented. We determined that the most significant changes in energy usage were from long-
term upgrades such as the replacement of roofs, windows and doors. However, we could not 
definitively isolate the specific upgrades that led to each change in energy usage due to the lack 
of monthly utility records. 
We developed an asset management system to aid in the linking of each building for 
easier tracking of investment needs and project coordination. This system was linked to a 
Geographic Information System (GIS) database that enabled the stored information to be easily 
accessed via each location of the buildings on a map of the City of Boston. We developed a 
building inventory that took the form of Microsoft Excel spreadsheets, which was used as a 
storage facility for all the information on each building, ranging from the address of the building 
to its energy usage profile. This enabled us to analyze the data on each building by easily 
generating graphs that could be assessed for trends and patterns that could be used for efficient 
decision making, which resulted in an asset management system. 
Therefore, based on our findings and analysis an asset management system would be a 
useful and efficient building inventory to track investment needs and coordinate projects. We 
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also recommended feasible strategies to be considered when implementing energy saving 
measures and reviewing the capital plan. These strategies would leverage system maintenance 
and building upgrades to maximize energy efficiency and sustainability. These included the 
implementation of long-term upgrades, the raising of public awareness and incentives for 
performance as feasible energy saving measures. In order to review the capital plan, we also 
recommended the institution of the revolving loan fund and energy efficient bid specifications.  
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CHAPTER 1: INTRODUCTION 
 
The Earth‘s climate is changing and is predicted to have significant impact on the quality 
of life of its inhabitants. This discovery is not a recent revelation. Abrahamson (1989) reported 
that since the early 1700s the atmosphere has been reported to be changing at an unprecedented 
rate due to pollutants. Over 300 years later, the predicament remains the same. Collins, Colman, 
Haywood and Manning (2007) along with the Intergovernmental Panel on Climate Change 
(2007) report the updated trend of global temperature increase between 1906 and 2005 to be 0.74 
± 0.18 degrees Celsius. Both reports also agree that one of the reasons for this trend is the 
increase of greenhouse gases being released into the atmosphere. The changes in the 
concentrations of these gases alter the balance of energy transfers between the Earth‘s surface 
and space, resulting in the net absorption of energy by the Earth (IPCC, 2007). Therefore, the 
question that must be asked is how the release of greenhouse gases into the atmosphere can be 
reduced. 
The city of Boston has taken the initiative to find ways of reducing greenhouse gas 
emissions. Their goal is to reduce emissions by seven percent by 2012 and eighty percent by 
2050 of its 1990 levels. One of the strategies the city plans to use is to assess the energy use of its 
municipal buildings and how much greenhouse gas emissions they contribute to the atmosphere. 
Emissions resulting from energy use in buildings, as of 2007, contributed up to thirty percent of 
the total carbon dioxide emitted due to energy use (IPCC, 2007). This makes energy use in 
buildings a significant contributor to climate change. Therefore, if buildings could be made more 
energy efficient, then these emissions could be reduced significantly. Our intent was to develop a 
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strategy that will help to leverage system maintenance and building upgrades, in order to 
maximize energy efficiency and sustainability. 
Levine, Martin, Price, Sathaye and Wiel (1998) evaluated the role of building efficiency 
in the management of atmospheric carbon dioxide. These researchers found that the growth in 
carbon dioxide emissions from buildings was due to increased demand for energy services and 
the growth in population. Their recommendations for reducing emissions from buildings were to 
develop new technology to make energy production and consumption more efficient. The new 
technologies included high-efficiency pumps and biomass stoves, along with improved 
management of energy demands and fuel-switching to less carbon intensive fuels for electricity 
generation. They focused their research on the equipment used in the buildings that could be 
made more efficient in order to use less energy. However, they failed to analyze the building‘s 
structure as a whole and its route of heat escape as means of energy conservation.  
Okeil (2008) also tackled this problem in his research, but he analyzed the energy 
efficiency of buildings from a holistic point of view. He concentrated on the architecture of the 
building, with a focus on the use of solar energy in order to limit the use of heating and the effect 
of urbanization on the climates of cities. Unfortunately, these measures would need to be 
implemented in the design stage of the building and do not take into consideration already 
existing buildings.  
Municipal buildings in Boston, such as the Boston Public Library, which was built in the 
1800s, do not have energy conserving features. Therefore, there is a need to know how these 
buildings can be upgraded and maintained to make them energy efficient. It is already known 
that energy conservation practices such as turning off lights and the use of efficient appliances 
can reduce the greenhouse gas emissions from these buildings. However, the building as a whole 
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can also be maintained and upgraded to add to these conservation practices. How efficient is 
their heating systems? Is the boiler system centralized or decentralized? Do the windows allow 
for natural lighting during the day? Is the building‘s structure well insulated in order to minimize 
heat loss? These are just some of the questions that can be asked to carry out an accurate 
assessment of the building and its energy use. This is a holistic approach to evaluating buildings 
in order to reduce their greenhouse gas emissions. 
The goal of our project was therefore to help the city of Boston develop a building 
inventory to track investment needs and coordinate upgrading projects. First, we performed site 
visits where we took photographs and did a ―walk-through‖ of our qualitative sample of branch 
library buildings to inspect and document the recently upgraded energy conservation features of 
the buildings. We conducted interviews with each building manager to ascertain the 
effectiveness of the current maintenance and upgrading strategies. After our site inspections, we 
examined the past energy usage billing information of another sample of library branches of the 
Boston Public Library for our quantitative data. These buildings were chosen because they were 
recently upgraded over the last ten years. This enabled us to propose a relationship between the 
types of upgrades done and the affected energy use.  
We created an asset management system, which consisted of using Microsoft Excel 
spreadsheets as a means of analyzing data on each building, to track the changes in energy use 
along with the specific capital investments at each site. The contents in this storage facility were 
linked to a Geographical Information System (GIS) database that helped to link facilities in order 
to track capital investment needs and coordinate projects.  
From our analysis of the sample of six branch libraries‘ statistics on energy use and 
capital investments as well as the others that provided qualitative data, we were also able to 
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develop recommendations for consideration when the city of Boston reviews its capital plan for 
system maintenance and building upgrades. 
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CHAPTER 2 – BACKGROUND 
 
 The increase of greenhouse gas emissions into the atmosphere has become a threat to the 
human quality of life. There has been an increase in the amount of these gases released into the 
atmosphere and that has led to warming of the Earth‘s atmosphere. Governments around the 
world have, in an attempt to lower their emissions, been instituting regulations and passing laws 
in order to ensure there is a consensus on the target of reducing emissions (Union of Concerned 
Scientists, 2010).  
The Commonwealth of Massachusetts is one of governing bodies that is a part of this 
initiative. The state passed the Global Warming Solutions Act in July 2008 with a number of 
mandated, scientific targets for the reduction of greenhouse gas emissions from all sectors of the 
economy of ten to twenty-five percent below the present levels by 2020 and eighty percent by 
2050. This sparked the City of Boston to set the ambitious goal of reducing its greenhouse gas 
emissions by seven percent from its 1990 levels by 2012 and eighty percent from its 1990 levels 
by 2050.  
In order to attain these milestones, the city intends to develop maintenance strategies that 
will aid in energy efficiency and sustainability of their municipal buildings. However, before we 
discuss how we plan to help the city of Boston achieve these goals, we will review a number of 
topics related to understanding sustainability. These topics include the general theory of global 
climate change as it relates to buildings, the architectural features of buildings that contribute to 
energy loss and the actual energy use in these buildings with relation to the changes that occur 
after renovations occur on these buildings. Sustainability is the motivation, as there is the aim ―to 
satisfy the needs of the present generation without compromising the ability of the future 
generations to satisfy their own needs‖ (Alnaser, Alnaser & Flanagan, 2008, p. 1). An 
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assessment of the greenhouse gas emissions now being produced by municipal buildings and the 
effects these emissions have on the city of Boston is crucial. Of equal importance is a projection 
of how these emissions will impact the future if they continue to be unregulated.  
 
GLOBAL CLIMATE CHANGE 
 
According to Pittock (2009), climate is a critical part of the world as we know it and is 
one of the key issues that must be addressed in order to have a sustainable future. He emphasizes 
the immediate concern of the unprecedented rapid global warming trend that has occurred in the 
last few decades. There are particular gases in the atmosphere that contribute to the climate and 
temperature on the surface of the Earth. The greenhouse gases, which include carbon dioxide, 
help to maintain the stability of the climate as without them the Earth‘s temperature would 
plummet. It is estimated that the average temperature in 2008, without greenhouse gases, would 
have been 33˚ C lower than what was recorded (Pidwirny, 2008). 
However, the Intergovernmental Panel on Climate Change (2007) has found that this 
delicate balance has been disturbed, as there has been an increase in the amount of greenhouse 
gases being released into the atmosphere. The Intergovernmental Panel on Climate Change 
(IPCC) is a panel of climate experts, set up by governments throughout the world to research and 
assess current global climate changes. The increased release of greenhouse gases has been found 
to enhance the greenhouse effect by trapping more radiation than is released to space, which 
results in an increase in the temperature of the atmosphere surrounding the Earth. Stern (2006) 
noted that greenhouse gas emissions have been the key drivers in climate change for at least the 
past fifty years. Carbon dioxide emissions, from burning fossil fuels, have grown from 280 parts 
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per million (ppm) in the pre-industrial era to 380 ppm in 2005. Most of the emissions he 
documents are produced by the burning of fossil fuels for energy in power plants, heat generation 
and transport along with changes in land use due to agriculture and forestry. 
It is desirable to have the climate at a state of equilibrium. Stern (2006) emphasizes that 
this is for the public good, and that those bringing about climate change are imposing costs on 
the rest of the world. Ball (2009) lists the consequences of climate change that will cause an 
unsustainable future, such as melting glaciers, declining crop yields, ocean acidification, rising 
sea levels, displacement of populations, loss of biodiversity and subsequently death. 
Role of Buildings in Global Climate Change 
 
The Intergovernmental Panel on Climate Change (2007) reports that buildings account 
for twenty-five to thirty percent of energy related carbon dioxide emissions. This means that 
buildings contribute ten to twelve percent of all the increasing greenhouse gas emissions into the 
atmosphere that is inducing global climate change. Carbon dioxide emissions resulting from 
energy use in buildings are an important element of the overall greenhouse gas emissions. 
Growth in these emissions results from growth in use of energy services or changes in the fuel 
mix used. Levine, Martin, Price, Sathaye and Wiel (1998) also note in their report that emissions 
from heating building spaces are still the largest source of end-use emissions even though there 
has been improvement in building management practices. 
Although the focus was on the feasibility of halving greenhouse gas emissions from 
hotels in the United Kingdom (UK), Banfill, Peacock, Shao and Taylor (2010) found that forty-
seven percent of the UK‘s emissions were from buildings. For their report they compared two 
buildings, one of which was older and then upgraded and then another which was newer and 
purposely-built with all the energy conserving features. They focused on the fabric (building 
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envelope) of the buildings in their comparisons on how the different structures affected the 
heating, ventilation and cooling systems (HVAC) used, while gauging how much energy was 
consumed and the resulting greenhouse gas emissions. This research is similar to our project, as 
we will be looking at the fabric of buildings and how they impact the energy consumption 
patterns. However, we will be taking it a step further as we seek to draw a relationship between 
each upgrade done to not only the fabric of the building but also the mechanical systems within 
the building and its effect on the amount of energy consumed. 
The United Nations Environment Program (2006) in their report entitled ―Buildings and 
Climate Change: Status, Challenges and Opportunities‖, also agrees that the building sector is a 
significant contributor to greenhouse gas emissions. The report states that the building sector 
contributes to thirty to forty percent of the greenhouse gas emissions, mostly due to energy use 
during the lifetime of the building. The report further states that the largest part is not generated 
during manufacturing of building materials or construction but in the use of the buildings. This is 
due to the heating, cooling, ventilation, lighting, use of electrical appliances, etc. The energy 
consumption profile and associated greenhouse gas emissions released for a typical building 
changes according to the climate change and level of development of the building. 
Edward Mazria in his article, written for the Los Angeles Times and published on March 
4th, 2004, entitled ―The Building You‘re in Fuels Global Warming‖ emphasizes the fact that 
buildings have a significant contribution to the amount of greenhouse gas emissions release into 
the atmosphere. In his article he points out that buildings and their construction account for 
nearly half of all the greenhouse gas emissions and energy consumed in the United States (US) 
each year. 
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GREEN BUILDINGS 
 
 Kats (2003) defines a ―green‖ or ―sustainable‖ building as one that uses natural resources 
more efficiently than others. These buildings typically have more natural light and better air 
quality which typically improves occupant comfort and productivity. They seek to reduce energy 
consumption in order to decrease the emission of greenhouse gases into the atmosphere. The US 
Environmental Protection Agency (2009) has a similar take on the definition of ―green‖ or 
―sustainable‖ and its relation to buildings.  The EPA defines the concept of ―green‖ as a practice 
of creating and using resource-efficient models of construction, renovation, operation, 
maintenance, and demolition.  
The United States Green Building Council (USCBC), a non-profit membership 
organization, developed the Leadership in Energy and Environmental Design (LEED) System to 
provide a guideline and rating system for green buildings. The LEED green building rating 
system is designed to promote design and construction practices that increase profitability while 
reducing the negative impacts of buildings on the environment and improving occupant health 
and well-being. LEED promotes a whole-building approach to sustainability by recognizing five 
key areas of human and environmental health: sustainable site development, water savings, 
energy efficiency, materials selection, and indoor environmental quality. The LEED systems are 
tailored to specific phases of the life-cycle of a building and are broken up into eleven sub 
categories that fall under commercial, municipal, and private use (USCBG, 2010).  
 Energy is a substantial part of the cost of operations of buildings that could be drastically 
reduced through energy efficiency and through green building design. The average annual cost of 
energy in Massachusetts buildings is approximately $2.00/ft2. On average green buildings use 
thirty percent less energy than conventional buildings. Green buildings are however perceived to 
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be more expensive than conventional buildings. The cost of these buildings has dropped over the 
last few years though as the number of green buildings being erected has risen (Kats, 2003). 
Green buildings generally focus on reducing the use of non-renewable resources. 
Therefore the reduction of energy usage in any building brings it a step closer to being ―green‖. 
The LEED rating system takes this into consideration the different life cycles of building. One of 
its major rating systems is the LEED for existing buildings, which focuses on the maintenance, 
operations and upgrading of buildings. This ties into our project as we will be assessing the 
maintenance and upgrades of the existing structures of the Boston Public library system. 
However in order to be certified as a ―green‖ the building must attain certain levels which 
are based on a points system. There are four different levels that can receive certification, these 
are namely LEED certified - 26 to 32, silver - 33 to 38, gold - 40 to 52 and platinum - 53 and 
above points. The categories for the LEED points include the sustainability of the site, water 
efficiency, energy, material resources, indoor environmental quality, design process and the 
employment of a LEED designer. Boston‘s Mayor Thomas Menino has recently announced that 
new constructions of and renovations to municipal buildings are required to meet the LEED 
silver standard (Prager, 2008). Subsequently, the Brighton branch library which is closed until 
fall 2010 will be one of the first renovated City of Boston buildings that will incorporate the 
LEED specifications in order to attain the silver rated level. 
STRUCTURAL FEATURES OF MUNICIPAL LIBRARY BUILDINGS IN 
BOSTON 
 
The city of Boston on their official website, cityofboston.gov (2010), states that the 
mission of their public library system is to preserve and provide access to historical record of our 
society and to serve the cultural, educational, and informational needs of the City and the 
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Commonwealth. The Boston Public Library system consists of its Central Library at Copley 
Square, twenty-six branch libraries located throughout Boston, eight virtual libraries and three 
remote storage facilities. The twenty-six branch locations are shown in Figure 1, with our 
quantitative and qualitative sample branches indicated. 
 
Figure 1 – Map of the Boston Public Libraries [Photograph]. (2007). Retrieved September 
9, 2010, from http://www.bpl.org/general/branch.htm  
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 All twenty-six libraries are identifiably unique and also range in size from Copley 
Square (Main Branch) which has a total floor space of 880,000 sq. ft. to Washington Village 
Branch which has a total floor space of 1,502 sq. ft. (Energy Star, 2009). This section therefore 
serves as an overview of the unique structural features of and the mechanical systems used 
within the four library buildings that we will be focusing on for qualitative data in our research 
paper. This is shown in Figure 2. The effects of these features on the energy consumption of the 
buildings will also be discussed. 
 
Facility Name 
Year of 
Establishment at 
Current Location 
Architects 
Energy Impacting 
Features 
Construction Materials 
Copley Square 
(Main Branch) 
1895; addition in 
1972 McKim and Johnson 
High arch ways, vast 
reading rooms Granite 
Grove Hall 
Branch 
2009 
Schwartz/Silver 
Tinted large glass 
windows 
Alumicor glass curtain 
wall, Tremco roofing, 
bamboo paneling 
Hyde Park 
Branch 
1884; addition in 
2000 Schwartz/Silver 
High ceilings and "Task 
lighting"  Brick 
Mattapan 
Branch 
2009 
William Rawn 
Associates 
Wooden shades, Large 
glass windows 
  
Figure 2 – Summary of qualitative analysis of library buildings 
 
 
Copley Square (Main Branch) 
 
The main branch of the Boston Public Library system has been located at Copley Square 
since 1895, after it was removed from Boylston Street. The architects for the main branch were 
McKim, Mead and White, who used granite from Milford (MA) to construct the façade of the 
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building. Charles Follen McKim called it the ‗palace for the people‘. The rest of the building is 
made from pale pink granite with white marble floors. 
 
Figure 3 - The Boston Public Library Exterior (Copley) [Photograph]. (2010).  
 
The building has been described as the Renaissance palazzo, as it features an upper story 
with thirteen lofty window arches (Wick, 1977), as shown in figure 3. This has now been called 
American Classicism because of its incorporation of Renaissance style. The building features 
high ceilings and large archways that spill into vast rooms of open space. The building, as most 
other historic buildings, was designed for natural ventilation. However, the addition of partition 
walls and mechanical systems has compromised this feature of the building (Walker, 2010). This 
has resulted in an inefficient heating, cooling and ventilation system as within one room there 
can be varying temperatures as you walk from one end to the next. This has a significant effect 
on the energy usage of the building as doors to these rooms are also more than often left open, 
which allows for air leaks and more energy used to keep the room at a certain temperature.  
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Figure 4 – Boston Public Library Interior (Copley) [Photograph]. (2010). 
 
 In 1972 the Library expanded its Copley Square branch with the opening of an additional 
building designed by Philip Johnson. The McKim building, as it is now called, houses the Boston 
Public Library‘s research collection and the new addition, called the Johnson building, holds the 
circulating collection of the general library and serves as the headquarters for the other twenty-
six libraries. The Johnson building has been called the mausoleum due to its lack of windows, 
which is the contrast to the McKim building. Both buildings were built from the pale pink 
granite slabs.  
 The amount of energy lost or retained through the walls of buildings is influenced both by the 
design and materials used for its construction. A building‘s thermal mass, which is its ability to 
store heat, is determined in part by the building material used. These buildings absorb energy 
 
 
15 
 
more slowly and hold it longer, effectively reducing indoor temperature fluctuations and 
reducing the overall heating and cooling requirement. Thermal mass materials include traditional 
building materials such as stone and adobe (Pew Center, 2009). The stone-built envelope of the 
McKim and Johnson building therefore provides a higher thermal mass but there is still the 
drawback of a large energy consumption to heat and cool these buildings as the material takes 
longer to absorb the energy. 
Grove Hall Branch Library 
 
  The Grove Hall Branch Library opened its new branch at 41 Geneva Avenue, Dorchester 
on April 4, 2009. It is located in the newly renovated Jeremiah Burke High School and was 
designed by the Schwartz/Silver Architects. Before being moved to this new location, the library 
was located at the corner of Warren and Crawford Streets (Boston Public Library, 2010). 
 
Figure 5 – Exterior of New Grove Hall Branch Library [photograph]. (2010).  
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The new Library boasts large windows that let light into the building through its 
alternately tinted glass panes. It features a designated teen room and teen library, which is unique 
to this location since it is adjacent to a high school. 
These large double pane windows are multi colored, as seen in Figure 5.  Double pane 
windows provide the best R-value in windows because they hold in heat longer while letting in 
sufficient natural light.  R-values, the inverse of a u-value, are a unit of measuring the insulation 
value of a material.  The units involved of an R-value in the SI system are area (m2) * 
temperature (Kelvin).  This equation governs watts of thermal energy passing through a material 
per unit area.  Therefore, the bigger the R-value a material has the less energy it allows to pass 
through it.  In the case of windows, walls, and roofs, large R-values are obviously desirable when 
building a structure.   
The least insulated part of any structure is usually the windows.  Glass provides a very 
poor insulation for a structure.  Single pain windows often have R-values that range from about 
0.9 – 1 (ColoradoENERGY.org, 2010).  Double pane windows have a significant increase in 
their insulation properties significantly, with ranging R-values of around 2-4.  Furthermore, the 
colored windows block out around 30% of incoming light, as well as incoming, or outgoing heat.  
Therefore, these windows which would normally have an R-value of around 3 now have an R-
value of about 4.3. 
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Figure 6 – Interior of the New Grove Hall Branch Library [photograph] (2010). 
Grove Hall has high ceilings and large open spaces. The floor plan of these open spaces 
accommodates, as shown in figure 6, multifunctional use as there are sitting areas, computer 
stations and bookshelf aisles. The heating and cooling system of this building is controlled 
remotely by the neighboring school which does not take into account occupant comfort 
especially during the summer months when the schools are closed and controls are not attended 
regularly. 
 
Mattapan Branch Library 
 
The Mattapan Branch Library was located at 10 Hazelnut Street for more than seventy-
five years. However, the branch recently the new branch building was opened on February 28, 
2009 located at 1350 Blue Hill Avenue. This building was designed by William Rawn 
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Associates, Architects, Inc. and features technological advanced designs of the building envelope 
that promote energy conservation, shown in figure 7. 
 
 
Figure 7 – Mattapan Branch Library Exterior [Photograph]. (2010). 
 
 The brand new facility had a cost of $10,000,000 to construct (Architectural Record, 
2010). This Branch is similar to Grove Hall in its architecture style and use of windows for 
natural lighting. The use of wooden shades, shown in figure 8, also helps to control the 
temperature of the building as the sun rises, in order to lower energy usage to heat and cool the 
building. However, none of the Windows at the Mattapan Branch are laminated which does not 
provide any added insulation factor, but provides plenty of natural light into the facility. 
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Figure 8 – Mattapan Branch Library Interior [Photograph]. (2010). 
 
 This facility does have many energy savings measures installed.  Such as low water usage 
toilets, a cool roof and incentives to travel with green vehicles or by bike.  Furthermore, the staff 
has implement days where they use minimal energy by shutting off non-essential electrical 
components of the building to promote awareness in the community of energy conservation. 
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Hyde Park Branch Library 
 
The Hyde Park Library first opened in 1873 and moved to its current location on Harvard Ave in 
1884 (Boston Public Library, 2010). The current building is the combination of old and new 
when in 2000 a new addition was added to the existing facility. The entrance to the facility is the 
original building built in 1873 shown in figure 9. 
 
 
Figure 9 – Hyde Park Branch Library Exterior (Original Building) [Photograph]. (2010). 
 
   Hyde Park has a very accessible design and was given a best accessible design 
award in 2006.  There is a significant amount of natural light that is let into the modern structure 
due to the large floor to ceiling windows that line the building (figure 10).  Yet, these windows 
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create issues on very warm and bright days because of the lack of blinds to block out the sun. 
The installation of shades would allow for less load on the heating and cooling system of the 
building, as it  experiences varying temperatures across the levels of the facility. 
 
Figure 10 – Hyde Park Branch Library Exterior (Addition) [Photograph]. (2010). 
 
The Hyde Park branch also features the use of stack lighting instead of ceiling lights. 
However, this system is inefficient as these lights are not controlled by motion sensors, nor are 
they controlled individually. Instead these lights are turned on and off all at once by the control 
system at the main library branch, so even if no one is using the book shelves the lights are still 
on (figure 11). The ―task lights‖ on the tables are better measures of energy efficiency since they 
can be controlled by the user. 
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Figure 11 – Hyde Park Branch Library Interior [Photograph]. (2010). 
 
  
West End Branch Library 
 
 Library service at this location was started in 1894, with the conversion of the Old West 
Church at the corner of Cambridge Street and Lynde Street into an appropriate space. The branch 
officially opened in 1896. The West End Redevelopment Project closed the branch in 1960, 
which brought the establishment of a new building in 1968. This building was designed by 
Maginnis, Walsh, and Kennedy (Boston Branch Library, 2010). 
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Figure 12 – Exterior of the West End Branch Library [photograph] (2010). 
  The branch although limited to the ground floor, has access to a significant amount of 
sunlight as the building has large windows. There are bookshelves against the wall but the ones 
in the center are no taller than that of a child, which gives access to maximum natural light 
during the day. The library has a central floor plan, with its computer hub surrounded by a 
children‘s area and sitting areas for reading. 
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Figure 13 – Interior of the West End Branch Library [photograph] (2010). 
 
MAJOR CAUSES OF ENERGY LOSS IN BUILDINGS 
  
Energy efficiency in buildings usually focuses on lighting use and more efficient 
mechanical systems. However, a key element that can be overlooked in making a building 
energy efficient is the building‘s fabric. The building fabric, also known as the envelope, affects 
heating and cooling within buildings as much as the building‘s mechanical systems. Building 
envelopes refer to the building structure and the climate controls within it. Several culprits in the 
building fabric can be responsible for energy losses which include air leaks, wet insulation and 
thermal bridging (Seaverson, 2008). 
 Seaverson (2008) explained that in order to construct a more energy efficient building a 
person must understand the building envelope, its construction materials, and detailing 
properties. The sealing of leaks and prevention of thermal bridging is crucial. He highlighted that 
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air leaks are most common around windows and doors, through the gaps at transitions between 
walls and floors or roof levels, and through structural wall penetrations. Moisture within the 
building envelope‘s components such as insulation also lead to premature deterioration of 
materials and the decrease of the R-value and the building‘s overall thermal efficiency. 
 Keith Elder (2000) defined the buildings envelope similarly to Seaverson. However, he 
went a step to further to state that the envelope facilitates the thermal energy transfer to and from 
the outdoor environment. He pointed out the use of a building energy profile and how it relates to 
the effects of the building envelope. He identifies the seasonal loads that are represented by the 
building energy profile, to be exclusively dependent on the energy losses and gains through the 
building envelope. Therefore, it is crucial to understand the building envelope in order for the 
building energy managers to mount a successful energy saving program. 
 It is commonly known that a significant portion of the energy consumption in buildings is 
related to climate control. Therefore, any place where air can leak into the structure or where 
poor insulation exist energy is needlessly lost. Furthermore, many other mechanical systems 
within a building, such as an air conditioning system, may operate inefficiently due to lack of 
maintenance or an antiquated design which consume far more energy than is required 
(ActionEco, 2010). 
ENERGY AUDITING 
 
 Lee & Wong (1993) defined, in depth, an energy audit as the process of examining an 
energy account. These accounts check the way energy is used and identify areas where waste 
energy can be minimized. This is very similar to an accounting process. Conversely, Pemberton 
(2003) gave a brief definition in her article on energy audits. She stated that an energy audit 
evaluates the measures that can be taken to improve energy efficiency. The key word here is 
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―efficiency‖, which in this respect is crudely defined as the adaptation and minimization of 
energy loss in buildings. 
Lee & Wong (1993), Mendis & Perera (2006), and Pemberton (2003) have the same 
approach to how an energy audit is undertaken. All these authors stress the review of the 
historical energy use of a building as the first step developing an understanding of past trends 
and patterns of energy use that may have occurred and also affords a benchmark or base 
reference for future comparison. The text from Lee & Wong (1993) goes into the specifics of 
using a set of three to five years of energy bills or plant records to evaluate the trends and 
patterns. They also point out that it is also useful to make comparisons between the building 
being audited and other buildings with a similar function and in a similar region to establish 
points of reference.  This allows an auditor to determine if the building is an efficient or 
inefficient building. 
Lee & Wong (1993) utilized site surveys to help find out information on the current 
energy use of the building. Site surveys that they describe have the goal of establishing the 
energy sources, how energy is being utilized, and how the distribution of energy is controlled in 
the building. The use of an energy audit program was also noted. This program encompasses the 
examinations of ways in which energy savings can be achieved and identifying all ―energy 
management opportunities‖ while providing engineering and economic analysis for each 
opportunity.  
 However, Pemberton (2003) simplifies a site energy audit into steps. These steps are the 
collecting the historical energy usage of the building.  This is followed by a survey of the 
building to find the measurements of the room to determine the functional area of the facility. 
This gross area is then used to calculate the energy use within these functional spaces which 
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derives the cost per unit area, such as ft2 or m2. Further evaluation is then the next step with the 
intent of identifying features and characteristics of the building that contribute to excessive 
energy consumption. All this data is then compiled into a profile of energy use of the building. 
Energy efficient measures are then identified which help to develop energy-saving solutions that 
provide cost-effective payback to the client. 
 Alternatively, Thumann & Younger (2008) in their book entitled ―Handbook of Energy 
Audits‖ specify three different types or levels of energy audits. In order of increasing 
complexity, the three levels are namely the walk-through audit, the standard audit and the 
computer simulation audit. They describe the walk-through audit as a tour of the building to 
visually inspect each of the energy using systems. This level of audit is similar to that 
highlighted by Lee & Wong (1993) and Pemberton (2003) as this is where the evaluation of the 
energy consumption data is done to analyze energy use patterns in order to provide a benchmark 
for similar facilities. They emphasize that this level of auditing is an opportunity to collect 
information for a more detailed audit later on if the projected savings warrants the activity. 
 The next level is the standard audit, which is a build-up from the walk-through audit that 
goes on to quantify energy uses and losses in the building. This level involves on-site 
measurements and testing to quantify energy use and efficiency of various systems within the 
building. It also includes the economic analysis of recommended conservation measures 
(Thurmann & Younger, 2008). 
 The computer simulation, which is the third level of an audit, includes more detail of 
energy usage by function and a more comprehensive analysis of energy use patterns. This is 
achieved by using computer simulation software developed by the auditor that will account for 
weather and other variables, in order to give a more accurate reading of the year-round energy 
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use of the building. This is the most expensive level of energy audit due to the time involved in 
collecting detailed equipment information, operational data and setting up of an accurate 
computer model (Thurmann & Younger, 2008). From these descriptions of the different levels of 
energy audit, we will be executing a level one audit which is the walk-through process that has 
been outlined by Lee & Wong (1993) and Pemberton (2003).   
The difference between Pemberton (2003) and Lee & Wong (1993) was the latter‘s 
emphasis on the review at least annually of the energy audit program implemented. However, 
although Lee & Wong (1993) may be outdated in their knowledge at the time, their insight was 
futuristic as Thurmann & Younger (2008) are in agreement with their point of view.   This 
review would include topics such as record analysis, environmental conditions, electricity, 
maintenance, personnel and capital investment. The record analysis would provide data for the 
cost per unit of each kind of fuel used by the building which would then produce a Sankey 
diagram (a diagram showing the energy use to and from the building). Figure 14 shows an 
example of a Sankey diagram which describes the energy transfer process in an engine. There is 
a supply of 72 kilowatts (kW) of power to the engine that is lost to thermal energy initially, 
shown by the larger arrow in the figure with a value of 57.8 kW. It is essentially a flow diagram 
where the width of the arrows is proportional to the magnitude of the flow quantity. 
Comparison with previous records and other buildings would be then done to ascertain if 
there have been changes. The environmental conditions aspect would take air conditioning and 
lighting into account in order to find out if they are gratuitously provided. Electricity would deal 
with the tariffs in place and the ways in which peak demand could be reduced, while 
maintenance encompasses reviewing records and checking if schedules are effective or adequate 
and how they can be improved. 
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Figure 14 – Example of a Sankey Diagram [diagram].(2010). Retrieved September 27, 
2010, from http://caphysicshl2010.wikispaces.com/8.1  
 
The personnel aspect deals with the education of the occupants of the building of ways to 
conserve energy and capital investment is the review of energy related capital projects (Lee & 
Wong, 1993). This is exactly what we intend to establish at the end of our project, but we hope 
that the information would be auto populated into an asset management software program that 
would help to produce the Sankey diagram and any additional analysis at different interims. 
Pemberton (2003) did discuss site issues that affect energy use that need to be noted 
during an energy audit. These issues include the building factors, people factors, occupied 
periods, and control responsibility. Building factors focuses on the building envelope which 
more than often doesn‘t get considered but can play an important role in energy-saving 
measures. Shapiro (2009) alluded to this fact in his case study of energy auditing in commercial 
buildings, as he explained that when undertaking an energy audit there is the tendency to focus 
more on the evaluation of the technical and more technologically advanced improvements, such 
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as demand controlled ventilation or solar energy. This tends to leave improvements to the 
building envelope, lighting, and operation/maintenance not appropriately addressed. He also 
highlights that the occupants are also a factor because they control how effective the site operates 
from heating controls to office lighting as they adjust to their different individual comfort levels. 
Therefore, periods of occupation of a building create the potential for energy use and waste. 
HUMAN ASPECT OF ENERGY CONSERVATION 
 
Lutzenhiser (1993) states that the role of human social behavior has been greatly 
overlooked in energy analysis, despite its significant contributions to effects of technology-based 
efficiency improvements. The exclusion of human behavior, as a relatively insignificant aspect 
of consumption, in many models of energy efficiency shows how easy it is to not recognize the 
essential role human action has in shaping energy use. The report highlights that there is public 
support for conservation principles but there is a poor understanding of the national energy issue, 
no willingness to make equitable sacrifices, and low trust in public institutions.  
Farhar (1994) agrees with Lutzenhiser, as she documents that there has been an increase 
in public concern for the environment over the last decade. However, the two writers are at an 
impasse in respect to the willingness of the public to make equitable sacrifices, as Farhar (1994) 
disputes that there is not only ―lip service‖ to environment protection but a genuine willingness 
to pay and take other actions to improve the environment. She does highlight though that there is 
the frustration that occurs over the apparent discrepancy between what people say and what they 
do, as in the past energy policies were aimed at eliciting behavioral change. From the poll 
evidence presented, it could be concluded that the public favors policies that supportive of 
energy efficiency but would prefer a broad national agenda of sustainable development which 
create institutional change. 
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Although, Lutzenhiser and later Farhar published their work almost seventeen years ago, 
the premise proves to still be true. Attari, Bruine de Bruin, Davidson & DeKay (2010) found in 
their research on the ―Public Perceptions of Energy Consumption and Savings‖ that participants 
in their survey (505 participants) were more focused on the curtailment of energy use buy doing 
things such as turning of lights, rather than making efficiency improvements to the building, like 
installing more efficient light bulbs. They concluded that the latter would not have been thought 
of because efficiency improvements are thought to involve research, effort, and out-of-pockets 
costs, for instance buying a new energy efficient appliance, where curtailment may be easier to 
imagine and incorporate into one‘s daily behavior without any upfront costs.  
Dietz (2010) also proposed solutions for narrowing the energy efficiency gap which 
included changes in behavior and the use of efficient technologies. However, he highlights that 
people fail to take advantage of this simple opportunity due to their perception of their energy 
use. The author alludes to the reason of people forming quantitative judgments without accurate 
and precise calculations but through heuristics and biases. The author agrees with Attari et al. 
(2010) as he highlights that on average people always underestimate their overall energy use and 
savings potential. Therefore analysis of these heuristics and biases could lead to more effective 
energy policies. 
Subsequently, all three authors agree that behavioral change is the key to reducing energy 
consumption but there will always be costs and benefits to people when these methods of energy 
conservation are to be implemented. Every person is different and has different energy demands. 
The insulation of walls may reduce heat escape during the winter but prevents adequate release 
of heat during the summer. This is a ‗cost‘ to the occupants of the building, as their comfort level 
is reduced, which leads to a greater energy demand due to the use of air conditioning. This will 
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be one of the focuses of our project as we will try to incorporate human behavior into our 
analysis of energy consumption. This will be done by visiting each library branch to be 
researched and talking with the building managers to find out the discrepancies that occur 
between human comfort and the energy conservation measures. 
REDUCTION OF ENERGY CONSUMPTION 
 
Two easy ways of reducing energy consumption in buildings are the reduction in energy 
consumption by the heating, ventilating, air-conditioning (HVAC), and the lighting systems.  
The simplest way to reduce the energy usage of a building‘s HVAC system is to reduce the 
temperature difference between the interior and exterior of a building (Enkvist & Nauclér, 2007).  
Turning down the heat in the winter and limiting the use of air conditioning in the summer will 
reduce the amount of power a heating or cooling system will consume in maintaining a 
temperature. However, this comes at a cost to the occupants of the building, as their comfort 
level would be compromised. To reduce the amount of energy consumed by a building‘s lighting 
system, all that must be done is to not leave lights on in unused rooms.  This reduces a major 
form of electrical energy consumption, and therefore greenhouse gas emissions, without 
spending any money to achieve a reduction. 
 On the other hand, although these easy methods will produce a fast payback the more 
costly method of a holistic approach which is making upgrades to the building as a whole is just 
as effective as, or even more so than the free methods. Colombier & Li (2009) evaluated these 
costly methods, as they researched how to manage carbon emissions in China. The report 
proposed a comprehensive approach to attaining energy efficiency in buildings, by combining 
building design and construction, along with urban planning and the building materials 
industries. Besides the enhancing of the building‘s insulation, they found that the urban and 
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architectural design play a vital role in reducing energy consumption in buildings. These 
techniques include such things as sustainable urban planning, optimized site planning and design, 
including natural ventilation, and adding solar, geothermal, or other renewable energy. However, 
they emphasized that the marginal cost (increase or decrease in the total cost due to the 
production of an additional unit) is often what prevents the widespread implementation of these 
techniques and practices, in spite of the large reduction in energy bills that occur. 
ASSET MANAGEMENT & GEOGRAPICAL INFORMATION SYSTEMS 
 
The Canadian National Research Council (2005) defined an asset management system as 
a system that ―is used to store and manage asset data and to support operational and strategic 
decision making processes.‖ An asset management system is an invaluable resource for a 
municipality when looking to plan for future capital investment programs.  These systems have 
the ability to store all the necessary information that there is about an asset.  These assets can 
include things such as a building, a vehicle, and anything physically owned by an institution 
(Halfawy, Newton & Vanier, 2005). 
Furthermore, GIS databases store information and represent it on a map (White Rose 
University Consortium, 2006).  A common example of this type of database is Google Earth or 
Google Maps, as seen in Figure 15.  Information is filed away in the database using a map as a 
storage facility for the information, so instead of alphabetically or numerically sorting 
information, information is stored via position of the asset.  This form of database is extremely 
useful because it is visual and a person can easily envision the surroundings of the asset they are 
interested in finding. 
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Figure 15 - The Boston City Hall Arial View [Photograph]. (2010). Retrieved September 7, 
2010, from www.maps.google.com  
 
An asset management system can become far more effective when it is paired with a GIS 
database.  The union of these two concepts allows all building information to be stored using a 
map as the filing cabinet.   By storing all the information about an asset in one centralized 
location the efficiency of decision making and prioritizing is increased because there is no longer 
the need to search in multiple locations for information on an asset. 
Professor Fabio Carrera has helped to develop new ways to look at city planning by 
linking these two concepts, which he researched in the writing of his thesis (PSS Research 
Seminar, 2005). This concept of linking asset management systems and GIS databases has the 
final goal in to aid in the development of ―city knowledge‖.  He defined ―city knowledge‖ as the 
storage of institutional knowledge, or knowledge that is accumulated over time by the people 
who work in a given institution.  This knowledge is often not recorded anywhere but is necessary 
information for the proper operation and maintenance of a facility. Figure 16 displays a basic 
GIS system that was developed for Venice that allows for the quick display of basic information 
on assets dotted around the city.  
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Figure 16 – Venice GIS Asset Management Database [Photograph]. Worcester Polytechnic 
Institute (2010). Retrieved August 31, 2010 from 
http://www.wpi.edu/Accademics/Depts/IGSD/Projects/Venice/Center/Large_Files/PhD%20
Defense%20presentation.ppt#29   
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CHAPTER 3: METHODOLOGY  
 
The goal of this project was to help the city of Boston develop a building inventory to 
track capital investment needs and coordinate upgrading projects. The accomplishment of this 
goal will ultimately aid in attaining the city‘s goal of energy efficiency and a reduction of 
greenhouse gas emissions. To accomplish the goal of this project we completed three objectives.   
Our first objective was to determine the main features of the buildings that contribute to 
energy loss. We accomplished this objective by performing site visits on our sample of 
qualitative branch libraries to take photographs of the energy conservation features of each 
building and conduct interviews with the building managers, in order to get an understanding of 
the effectiveness of the current system maintenance and upgrading strategies.  
The second objective was to identify a correlation between the types of upgrades done 
and the energy consumption patterns of our sample buildings to track investment needs. We 
examined the past energy usage of our sample of six quantitative branch libraries of the Boston 
Public Library system that have been recently renovated. 
The third objective was then to develop a building inventory system to track investment 
needs and building upgrades. With that information we were able demonstrate to the city of 
Boston which types of upgrades had a greater reduction in operating costs and the importance of 
an asset management system. This system should be linked to a Geographical Information 
System (GIS) database, where it could be used to give easy access of the information on each 
building to the public.  
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DETERMINE MAIN FEATURES OF BUILDINGS THAT CONTRIBUTE TO ENERGY 
LOSS 
 
We qualitatively assessed four branch libraries, namely the Mattapan, Hyde Park, Grove 
Hall and Copley Square branches, to identify the main features of buildings that contribute to 
energy loss. These branches were chosen because their buildings have recently been erected 
designed with energy conservation features. The exceptions are Hyde Park that recently had an 
addition to the original building and Copley which has the largest floor area as the main branch. 
 Physical Inspection of Building 
 
A sample of four municipal branch libraries, of the Boston Public Library system, was 
inspected due to their renovations or replacement in the last ten years. In order to determine the 
major factors contributing to energy loss in these buildings we went from site to site taking 
pictures and inspecting the structural features, highlighted by the building maintenance managers 
that could lead to energy inefficiency.  We examined the financial records of the libraries and 
tracked changes in facility costs around the time of capital investment projects. Using the 
knowledge that we gathered from the interviews we conducted with the building maintenance 
managers, we were able to determine the structural flaws in the buildings that were observed to 
contribute the most to energy loss. A check list of all the features that were highlighted in our 
interviews and background research were used to do this assessment. 
Interviews with Building Management 
 
In order to compare building maintenance and upgrades strategies, we interviewed 
building maintenance personnel of each sample library building. These building maintenance 
managers, including custodians, have an excellent knowledge of how energy use in buildings is 
 
 
38 
 
distributed because they are responsible for servicing and maintaining the buildings. They would 
be familiar with the schedule of maintenance and how effective these strategies have been over 
the years.  
Through our interviews, we were able to tap into the ―institutional knowledge‖ of 
especially personnel that have worked at the various locations for many years. We found out if 
any pre-existing maintenance or upgrading plans were currently in place or scheduled to occur. 
The purpose of interviews was to identify whether the strategies of maintenance and upgrading 
of these facilities by the city of Boston was efficient in conserving of cost and energy and 
whether the human aspect of energy plays a role in the long term goal of sustainability. Interview 
protocols were used for these meetings, so that we gathered the relevant information on the 
major energy consuming systems and gained insight into the short- and long-term consumption 
patterns. 
IDENTIFY CORRELATION BETWEEN TYPES OF UPGRADES DONE AND ENERGY 
CONSUMPTION PATTERNS 
 
To assess the costs associated with all of the upgrade and renovation projects and the 
expenditures that were incurred we examined the records of capital investments of the city‘s 
budget for upgrades to each facility.  We tracked and linked the city of Boston‘s data to identify 
any relationship between the types of upgrades done on each building and the changes, if any, 
which occur in energy usage timelines. Furthermore, in the next fiscal year after the completion 
of the upgrade we looked through and tracked the changes of operating costs to the facility and 
compared them to the operating costs before the upgrade.  
Due to our limited time, we chose a quantitative sample of six branch libraries that have 
had significant capital investments recently. We examined the energy records of these branches 
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for the last five to ten years. We used the spreadsheet (Appendix B) of the capital investments for 
the last ten years, provided by the city of Boston‘s Budget Department, to choose our sample of 
branches. After reviewing this information, we selected the following six library branches: 
Codman Square, Jamaica Plain, Lower Mills, Parker Hill, Roslindale and West End. 
Energy Audit 
 
An energy audit of the selected municipal library buildings functioned as our ―snapshot‖ 
of the energy flow into these buildings before and after upgrades. We performed what is often 
referred to by the industry as a general audit, or ―walk-through audit‖. This level of auditing was 
chosen because it involved the evaluation of energy consumption data to analyze energy use 
patterns in order to provide a benchmark. This is the best audit level to be completed in such a 
short time as the standard audit required taking measurements and testing, which we did not have 
the specific equipment for and the computer simulation includes more detailed and 
comprehensive analysis that we did not have a computer model to complete the analysis. 
 This general audit determined when, where, and how energy was being consumed and 
aided in identifying the areas of these buildings that have significant consumption rates. This 
helped to narrow our focus to certain aspects of the building. The energy audit was also done in 
an attempt to help find areas where there was the opportunity to reduce operating costs and 
energy consumption. We conducted the general energy audit by analyzing the utility bills from 
the last ten years. We then tracked any changes in the energy consumption pattern to evaluate 
trends in the building‘s energy/demand rate and energy usage profiles. These patterns provided a 
benchmark for comparison before the capital investment project occurred on the building to the 
changes that may or may not occur after the project is completed. 
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DEVELOP A BUILDING INVENTORY  
 
We began by collecting data on the structural features of the buildings which were 
highlighted during interviews with building maintenance managers at each library building.  We 
also identified features from our own assessment of the buildings.  Furthermore, of the structural 
features highlighted, not all the data collected was relevant for a building inventory. The building 
inventory, ideally, will contain the specific structural features of these buildings that could 
potentially contribute to energy loss. This includes the evaluation of the energy audit and the 
interviews done with the building managers that were conducted. By compiling the data 
collected into the database we were able to review all the information we gathered at once and 
see the similarities and differences among the buildings. The similarities would qualify as 
relevant data for the building inventory because they enabled us to identify similarities in age of 
each building in order to ascertain the scheduling program of maintenance to these facilities e.g. 
the replacing of four or five branch libraries‘ roofs instead of one at a time upon the need for 
repairs. This would provide for better capital management and project coordination. 
Geographic Information System (GIS) Database 
 
 The GIS database was used in order to establish common trends between different sites, 
in terms of each building‘s maintenance and upgrade needs in a very intuitive and user-friendly 
format. The database was linked to an asset management system (Microsoft Excel worksheet) 
that stored all the data on each library building. This format of this data allowed for common 
trends included the building materials used, architectural styles and age of the sample buildings 
being researched to be easily analyzed. We believed linking these buildings, by their similarities, 
provided an easier way for capital investment needs to be tracked and projects to be coordinated 
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effectively. Our reason behind this was that by cost analysis, it would be more effective to 
replace the roofs of two buildings concurrently during a scheduled maintenance and upgrade, 
than to replace the roof of one building in one year then address the same issue in another 
building the next year at the expense of spending more due to an increase in the cost of materials. 
The leveraging of the maintenance and upgrades to these building systems would help to 
determine cost-effective strategies to be undertaken.  
Determining Relevant Upgrades 
 
 For an analysis of attaining energy efficiency in a building we must take into 
consideration the relevant upgrades required. The energy audits helped us to determine the major 
contributors to energy loss in these buildings and therefore narrow the focus of the structural 
features that need to be upgraded.  In order to determine the structural features that need upgrade, 
the assessment of the energy audit will be used. The assessment will give us information on 
which characteristics of each building affect the energy usage profile.  
RECOMMENDATIONS  
 
While we determined upgrades to reduce the energy consumption of each building there 
were many factors to take into consideration in order to make recommendations to the city of 
Boston.  The upfront costs that would have to be spent by the city to facilitate these upgrades and 
whether the eventual energy savings are worth the initial expenditure by determining how much 
money will be saved by the upgrade.  Upgrades to a facility would include the materials, labor 
and removal of existing equipment in certain cases.  These factors would all play a part in the 
cost of an upgrade, and we must determine if it is worth it for the city of Boston to pay upfront 
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for certain upgrades and suggest the most feasible upgrades. We determined our 
recommendations for the most cost effective approach by performing a cost benefit analysis of 
different strategies. These strategies included the upgrade of roofs and windows or the upgrade 
of insulation and doors just to mention a few. We also made base strategies from the categories 
we used to develop our GIS database of each building. The estimated time periods for these 
projects were crucial and involved the drafting of Gantt charts for project schedules.  
SUMMARY 
 
To conclude, we went through a sample of six library buildings that are owned by the city 
of Boston to develop a greater understanding of the energy consumption of these structures.   All 
types of energy consumption were taken into account to develop the best understanding of the 
issue as possible. 
Once energy consumption was fully understood we made suggestions for how to 
maintain and upgrade these structures, keeping in mind energy efficiency and cost effectiveness.   
To do this we took into account the amount of energy saved by certain upgrades, the cost of the 
upgrades including materials and estimated labor costs, and finally by combining these two 
figures we determined if the capital investment was worth the monetary savings in energy costs. 
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CHAPTER 4: FINDINGS AND ANALYSIS 
 
ENERGY AND CAPITAL INVESTMENT PROFILES 
 
 The city of Boston‘s Budget Department provided us with a spread sheet (Appendix B) of 
the capital investments that have occurred over the last ten years at each library branch. We used 
this data to form a Microsoft Excel spreadsheet with all the other important data on each 
building. This data included the size of each building, addresses and the dates of establishment. 
This information was gathered from the websites of the Boston Public Library and from the site 
visits we performed. We assessed energy bills of the last ten years for each building. These 
records (Appendix E) were provided by the Budgeting office of the city of Boston. We examined 
these documents along with the capital investment data for each specific building in order to 
identify trends or patterns of change that occurred around each upgrade. 
 
Codman Square Branch Library 
 
The Codman Square Branch Library has received capital investments from the fiscal year 
of 2000 to the year 2006 (Appendix B). The grand total for these investments was $1,130,349. 
The capital projects done over those years were the replacement of its roof and windows, 
installation of an audible alarm system, repair of the exterior doors, an upgrade of the HVAC 
system, and improvement of the landscape and exterior lighting. Figure 17 shows a steady 
decline in electrical energy usage of the building after the fiscal year of 2006. There was a 
decline of 66,840 kWh between the fiscal years of 2006 and 2010. 
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Figure 17 - Energy usage trend per year at the Codman Square Branch 
 
We also received a spreadsheet (Appendix F) of the critical repairs done to the branch 
libraries over the last ten years. The critical repairs for the Codman Square Branch were the 
replacement of a chiller and boiler, which occurred between the fiscal years of 2001 and 2007. 
The latest critical repair that has been undertaken is the installation of a backflow preventer on 
the fire sprinkler, but this upgrade did not have an impact on energy usage. The decline after the 
year 2008 could also be caused by the reduction in operating hours due to the city‘s budget cuts. 
Furthermore, we cannot fully explain the fluctuations in the energy consumption leading up to 
2006 either due to the lack of concrete information that is contained in the city‘s records. 
Jamaica Plain Branch Library 
 
The Jamaica Plain Branch Library received capital expenditure from 2003 to 2008 
(Appendix B). A substantial decline of electrical energy usage is noted after the year 2008 
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(figure 18). In April of the year 2008, the Jamaica Plain branch received critical electrical 
upgrades which incurred a cost of $37,312.   
 
 
Figure 18- Energy usage trend per year at the Jamaica Plain Branch 
 
The building has also had its roof repaired, gutters replaced and the asbestos materials 
removed from its insulation in the period between the fiscal years 2003 and 2008. This branch 
has had only one other critical repair, which occurred recently in January of 2010. This repair 
was the upgrading of their gas-fired boiler and condensation pump at a cost of $39,270 
(Appendix F). 
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Figure 19 – Energy Usage Trend Per Month at Jamaica Plain Branch 
The critical upgrade that occurred in 2008 does not seem to be a critical factor in the 
energy decline that occurred in that year (figure 19). The months before the upgrade in April 
were already at the same level of energy usage. The drastic decrease in that billing period 
occurred in January of the year 2008. However, we were unable to isolate the specific upgrade 
that led to the reduction of 28,120 kWh in electrical energy usage due to the lack of monthly 
utility records. 
Lower Mills Branch Library 
 
The capital investments for the Lower Mills branch have occurred over the years 2002 to 
2006. There was a slight decline in the electrical energy usage in 2007, but a spike occurred 
again in 2008. However, there is a noticeable decline after 2008 (figure 20). The critical repairs 
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worksheet (Appendix F) shows that there were electrical upgrades done to the building in that 
same year. 
 
Figure 20 - Energy usage trend per year at the Lower Mills Branch 
 
However, that decline in the year 2009 was found to be the due to the reduction of 
operating hours of the facilities after a cut in state funding. There have also been other major 
repairs such as the replacing of the roof, changing out of doors, and improving lighting over the 
period of four years before 2006. 
Parker Hills Branch Library 
 
 The Parker Hill Branch Library has a very good representation of changes in behavior 
reducing the consumption of electricity.  There is good energy data which effectively shows the 
energy consumption from 2007 onward, shown in figure 21. 
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Figure 21 - Energy Usage Trend at Per Year at Parker Hill Branch 
 
 There is a continuous reduction in the energy consumption in the subsequent years.  This 
reduction is a result not of more efficient equipment, but using the existing equipment more 
efficiently and effectively. The capital investments spreadsheet (Appendix B) shows that there 
have been upgrades from the year 2003 to 2007. These upgrades included the replacement of 
roofs with new slates, repair of water damaged ceilings and walls and the upgrading of the 
HVAC system (Appendix F).  Also the reduction of library hours, which was instituted by the 
Boston Public Library system at certain branches, is a factor after 2008. 
Roslindale Branch Library 
 
The Roslindale Branch Library is another interesting case of an upgrade to the facility not 
resulting in any discernable energy savings.  A capital investment project costing $339,056 
completed in 2005 had no obvious energy impact on electricity consumption of the facility.  This 
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was also notices for the period between 2001 and 2003 that had upgrades such as the 
replacement of the roof and the curtain wall at the front of the building, as shown in figure 22. 
 
 
Figure 22- Energy Usage Trend at Per Year at Roslindale Branch 
The energy profile of this branch proved to be an anomaly when compared to the others 
we analyzed. This is due to the fact that the figure shows no decline in energy usage for the year 
2009, which has been a common trend for the other branches. Due to lack of monthly records for 
that year, we were unable to point out the exact cause of that spike in energy usage during that 
year. 
South End Branch Library 
 
The West End Branch library represents a good control in our data set of sample libraries.  
The data on energy consumption has remained relatively constant with respect to time.  
Furthermore, there have been no major capital investments into this library over this time frame.  
Thus, there have been no major changes that have affected energy consumption in this building 
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Figure 23 - Energy Usage Trend at Per Year at West End Branch 
However, due to our lack of monthly utility records we were unable to determine the 
variables that led to the variations of energy usage in the previous fiscal years. This may have 
been due to the changes in heating and cooling settings and lighting controls. 
 
Hyde Park and Grove Hall Branch Libraries 
 
The Hyde Park and Grove Hall branch libraries were researched in order to ascertain the 
features of buildings that contribute to energy loss. These buildings were recently replaced by 
new and more energy-efficient designed structures. We interviewed the custodian at the Hyde 
Park branch and Mr. Richard Kort, the branch librarian at the Grove Hall branch. At these 
locations, we learnt that there is a fundamental flaw in the city‘s process of maintaining and 
upgrading libraries.  
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In the opinion of Mr. Richard Kort, the biggest problem with the current upgrading 
process is the lack of communication between the people designing the building and its 
occupants. He emphasized that the lack of communication would lead to many of the upgrades 
that were designed to save energy becoming less effective, if not completely useless. He pointed 
out that if the people using the building don‘t understand the features that have been 
implemented, then they will not utilize them to their full potential.  
Another problem that often occurs is the inefficiency of the intended effects of these 
conservation features, due to the lack of research. An example of this problem is the new 
additional building at the Hyde Park branch library. This addition was erected in the year 2000 
with several energy conservation features. The building was designed with a glass envelope, in 
order to promote the use of natural lighting as shown in figure 24. However, due to lack of 
proper modifications this feature is proving to not be as energy efficient as intended. 
The simple installation of shades could decrease operating costs drastically at this branch. 
The custodian recounted several instances during the summer that the increase in temperature on 
the second floor would cause the heat detectors to go off and the fire department to respond. This 
would cost them around $500 for each response that would occur several times per week. He 
emphasized that shades that were controlled by the staff or could be temperature regulated to let 
the light in on the cooler days but keep the heat on sunny days would be a good solution. 
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Figure 24 - Additional building at the Hyde Park branch Library Showing Glass Envelope 
 
The Hyde Park branch could also use motion sensors on their lighting. The lighting at this 
branch is controlled by the central branch library remotely. However, the lighting stays on all 
day although the stacks may not be in use. This seems to be a waste of energy and would be 
better solved with the installation of motion sensors.  
The final point that custodian noted was that the library was a very important part of the 
community and therefore it was important that it gave the appearance of being active even when 
it was closed. He suggested was that if money was going to be saved by turning lights off, it 
should be the interior lights only at night. This would give the library an appearance of being 
active while saving money when it was not in use. 
 At the Grove Hall branch, Mr. Richard Kort informed us that they are unable to control 
their own thermostat because it is located in the school that is attached to the library. This 
resulted in a problem when the school closed for the summer and their air conditioning was 
turned off affecting the operation of the library. Kort also told us about a library that didn‘t have 
 
 
53 
 
an elevator installed in the building, so the librarians had no way of getting books up to the 
second floor other than walking them up a few at a time. 
Copley Square (Main Branch) Library 
 
The main branch library is one of the most expensive buildings in the city to operate. The 
electric bill alone cost almost thirteen million dollars in 2009 and got as high as fifteen million in 
2006. When you add this to the heating cost of a building with a footprint of 880000 sq ft and 
cavernous rooms you get the second most expensive building to operate in the entire city. This 
antiquated building is practically burning through money. Since this building uses so much 
money to operate, even minor improvements would save massive amounts of taxpayer dollars. 
Simply changing the lights to LEDs or upgrading the current HVAC system to a modern more 
efficient one would create massive savings. 
We interviewed Mr. Jim Meade at this branch. Mr. Meade is the library buildings‘ 
maintenance manager. He took us on a tour of the central library‘s heating and ventilation room 
in the basement of the building. The systems were antiquated and required more energy to 
operate than the newer models, due to the fact that they do not use blowers but huge fans for 
ventilation in each room of the building. He emphasized that the rooms in the Copley square 
branch are vast and have many escape routes for heat and air to be lost. This is because the doors 
between rooms are usually left open and the historic windows were not energy efficiently 
designed. He also informed us that the McKim and the Johnson buildings were not linked to the 
same system. Therefore there would be air leakage between both due to the passageways 
between each building being left open. 
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Mattapan Branch Library 
 
The Mattapan Branch is a brand new branch that was built with some sustainable features 
but wasn‘t built to LEED certification. Mattapan has a dual flush toilet, high efficiency lights, 
and partial shades that lets light in but will keep the sun from heating up the library in the 
summer as shown in figure 25. 
  
Figure 25 – Interior of The Mattapan Branch Library  
 
 The building exhibits most of the energy conservative features that would be found in a 
new building. However, we found that the lighting for the book shelves was not effective. The 
lighting was perpendicular to the book shelves and also the book shelves were parallel to the 
windows as shown also in figure 25. Therefore, there is limited access to natural lighting. The 
shelves are approximately on the same height as the windows. 
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Data Storage 
 
 We were able to compile a significant amount of data on individual library branches. This 
was due to the lack of centralization and proper storage of the data that we needed to adequately 
assess the impact of capital investment projects and their impact on the facilities. We found that 
there is very little standardization of data storage by the City of Boston.  
We found that a good portion of the data on the facilities were not kept for long periods 
of time in an easily accessible location, or sometimes were not kept at all.  These factors, along 
with the layoffs that have been occurring throughout the city, have cut out significant portions of 
the institutionalized knowledge from the current system and can obviously in turn make 
informed decision making cumbersome. 
 Due to the reduction the library department‘s budget, cost saving measures were 
undertaken in order to keep the buildings open for public use. The government instituted the 
reduction of operating hours to reduce operation expenditures and changes in lighting schedules. 
This measure has been found to be a significant factor in the decline of energy use after the fiscal 
year of 2008. 
  There is also minimal data stored in searchable formats with regards to capital 
investments. There were no files of the itemized break downs of the specific costs of different 
upgrade completed on each building, i.e. when multiple upgrades are done the cost of specific 
sub-projects are not required to be documented. 
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 
 
Asset Management database 
 
We found that an asset management system would be a feasible and effective building 
inventory that would be helpful to the city of Boston. We gathered information for this research 
paper from at least eight separate sources. Many of these sources were people who had 
institutionalized knowledge. We encountered several problems in retrieving this information due 
to the availability of these individuals. However, we found that many potential sources had been 
laid off, were on vacation, had resigned, or left for some other reason consequently taking their 
knowledge with them.  
Our other sources of non-electronic files were stored in several different locations. This 
meant that in order to retrieve this information, we would have to search for hours through 
binders and folders. These two ways of storing and accessing information proved to be not only 
inefficient but antiquated. Therefore, we recommended an asset management system as a 
building inventory that would be a faster, easier, and more comprehensive system for storing and 
accessing information 
Our building inventory took the form of a Microsoft Excel spreadsheet to store the data 
and a GIS-linked database for easy accessibility. The asset management system allowed for the 
energy analysis of the storage of data that would track investment needs in each building. While 
this Microsoft Excel spreadsheet allowed us to store data on each building, it also allowed us to 
demonstrate a model of how the asset management system would be effective, as shown in figure 
26 a & b. However, this spreadsheet would become far too cumbersome to be adequate if the city 
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is to include all its assets. Therefore, we would suggest using a program that was specifically 
designed for this purpose. 
 
Figure 26 a – Asset Management System (Excel) 
 
Figure 26 b – Asset Management System (Web) 
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An asset management system used by the city should have the ability to store, in this one 
centralized location, all the information that you would ever want to know about any of its assets.  
The access to this information would be facilitated by the GIS-linked layer (figure 27) that was 
found to be a very user friendly way to search for assets, libraries in this case.  It was a very 
intuitive navigation method and we feel it is a great investment for the city.  We recommended 
that the basic information on each library building be available to the public such as photographs, 
addresses, directions and further basic statistics.  Whereas more in-depth aspects of the system 
are reserved for decision makers and serve as a virtual tour of the asset with all necessary 
information on assets of the city of Boston. 
 
 
 
Figure 27 – GIS-Linked Layer 
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Upgrades 
 
We have been able to directly correlate several common trends in all the upgrades that 
resulted in a steady decline in electrical energy usage. One of the most common upgrades was 
the replacing of roofs. This demonstrates the importance of this feature of the building as an 
important part of any energy efficiency upgrades done to a building. This outcome was to be 
expected as the insulation of a structure is curtailed when it comes to the cost of climate control 
in a building. The better insolated a building is the less you have to pay for both air conditioning 
and heating. 
We were also told by Mr. James Williamson, from the Budgeting department of the City 
of Boston, that the transportation department changed all the traffic lights from mercury 
incandescent light bulbs to LED bulb, which saved around ninety percent on energy usage by 
traffic lights. The library department may get slightly different results but overall we feel that a 
lighting upgrade could be largely cost effective.  
Another common upgrade that we observed while working at city hall is the installation 
of motion sensors attached to the lighting system. The simple concept behind this upgrade is to 
eliminate the use of lighting in unoccupied rooms. While these relatively inexpensive sensors can 
save money, there are a few things to take into account when installing them.  During the course 
of our project, we have found that one of the many social issues is the significance of this 
building in its community. The libraries, similar to other municipal buildings, provide lighted 
public space at night for security measures in communities. Therefore, lights are often times left 
on to give the appearance of usage. However, only the perimeter of a building needs to be 
illuminated for this purpose, while the core of the building can be turned shut down because 
there is no need for it. 
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We also suggest the consideration of some level of control within the building to allow 
for its occupants to implement cost saving measures on their own recognizance. Offices or 
conference rooms that are located near to windows can utilize natural light during the day. 
Therefore, the people who use these rooms should have control of the lighting in these rooms. 
The use of ceiling lighting would only be used when necessary. The simple measure of installing 
a switch that can turn the lights on and off, even if the motion sensor is triggered, can promote 
energy conservation. 
Building Occupancy Surveys 
  
The Grove Hall branch librarian, namely Mr. Richard Kort, informed us of the lack of 
communication that occurs between government planning officials and the occupants of the 
buildings to be maintained and upgraded. This has proven to be an issue where the efficiency of 
the energy conservation features installed is concerned. He specifically highlighted the problem 
of the Grove Hall library building‘s heating, ventilation and air conditioning (HVAC) system 
being remotely controlled from the attached Jeremiah Burke Memorial high school. He 
recounted an incident during the summer when there was a lack of air conditioning due to the 
closing of the school for vacation.  Therefore, we propose that building occupancy surveys be 
carried out before and after any major maintenance and upgrading work occurs on any of these 
buildings. This would help to ascertain the awareness of the occupants to energy conservation 
means and identify the real issues that occur within the building that affect energy consumption 
patterns. 
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Cost Benefit Analysis 
 
It is very important that the an entity that has the responsibility for allocating funding, 
have the best possible understanding of how effective that money will be at the task it is being 
allocated.  In this case, they should ask if the project is energy efficiency and if the estimated 
possible payback period effectively justifies the use of capital. This is where cost benefit analysis 
is an invaluable tool. 
Elective Upgrades 
 
We have developed a model to determine the effectiveness of elective upgrades, which 
we have defined as projects that involve replacing current operational equipment with another 
that is more energy efficient but is not required for the proper functioning of the facility. 
Equation 1: Elective Upgrades Cost Benefit Equation 
 = Estimated payback period 
Where: 
C= Total cost of upgrade (in $) 
R= Total amount of rebates received for the project ($) 
Δ= Estimated decrease in electrical usage as claimed by manufacturer (kWh per year for 
electricity & therms per year for natural gas) 
Ac= Estimated average cost of utility ($ / kWh for electricity and $ per therm for natural gas) 
x= Miscellaneous expenses which can be expected to be saved (negative) or spent (positive) with 
an upgrade ($ per year) 
 
Examples of these types of repairs are the replacing of incandescent lights with LED high 
energy efficient lights or replacing a boiler with high efficiency one. 
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Critical Repairs 
 
We have also developed a model to determine the effectiveness of critical repairs with 
more energy efficient upgrades. We have defined critical repairs as projects that involve the 
replacing of inoperable or soon to be over warranty equipment with more efficient equipment. 
This is important because we have encountered a significant amount of replacements that have 
not introduced upgraded and energy efficient equipment but rather just a new identical model of 
the equipment being replaced, which does not generate energy savings for the city. 
Equation 2: Critical Repair Cost Benefit Equation 
 = Estimated payback period 
Where: 
C= Total cost of upgrade ($) 
R= Total amount of rebates received for the project ($) 
O= Cost of replacing the equipment with identical inefficient equipment ($) 
Δ= Estimated decrease in electrical usage as claimed by manufacturer (kWh per year for 
electricity & therms per year for natural gas) 
Ac= Estimated average cost of utility ($ / kWh for electricity and $ per therm for natural gas) 
x= Miscellaneous expenses which can be expected to be saved (negative) or spent (positive) with 
an upgrade ($ per year) 
 
Variable Isolation 
  
While upgrades preformed on branch libraries have been shown to cut operation and 
utility expenditures, we have been unable to adequately isolate exactly how effective the 
upgrades completed have been because of the many other energy savings measures that have 
been taken into account. Throughout the recession, the library department has faced budget cuts 
 
 
63 
 
and has been forced to do things such as change operating hours, lighting schedules, and change 
thermostat settings to save money. All of these other factors have minor impacts on the operating 
costs of a building.  
We know all of these measures were implemented by the libraries in order to save as 
much costs as possible, yet there are no concrete records of the exact reduction, the date of 
reduction, or an estimate of the original desired outcome. This being said, we affirm that this 
indicates a glaring need for an asset management program with the ability to isolate individual 
factors and variables that affect the cost of running a building and make it easier to track the 
progress of changes and upgrades. 
Energy Efficient Bid Specifications 
 
 After examining the capital expenditures of the city and correlating those to the capital 
investments, it would be beneficial for the city of Boston to ensure that the critical parts of a 
building‘s envelope are replaced with more energy efficient materials. Upgrades of this nature 
will pay back with the decrease in utility expenditures.  Different upgrades obviously have a 
payback period of varying length.  However, if they pay for the additional cost savings it would 
be worth performing that upgrade at the extra cost.   
 Therefore, we recommend that the City of Boston write contracts which will implement 
the best energy efficient equipment and not the one that will do the job for the lowest cost. The 
specifications for bids would outline the certain requirements such as the use of LEED 
certification guidelines, LEED certified engineers and the use of energy efficient equipment.  
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Revolving Loan Funds 
 
A revolving loan fund is a fund that is often used in small businesses or in sectors where 
large upfront expenditures are undesirable, but cost reduction is wanted.  These funds replenish 
themselves with the cost savings from their small investments, and can gain in size rather quickly 
when easy fast payback projects are completed. 
An example of an institution that has used the revolving loan fund program is the 
Harvard University in Cambridge, Massachusetts.  This institution established a revolving loan 
fund and set up a series of rules for how the money would be distributed to ensure that there 
would be an adequate return on investment. This fund earns a higher percent on its return rate 
than their multi-billion dollar endowment. 
A program like this could help to speed up the city‘s modernization of its municipal 
buildings, by making more funding available to spend on their upgrading projects. Short-term 
upgrades would provide faster payback, which would initially accumulate savings. The future 
savings would enable more long-term upgrades such as the changing roofs or the installation of 
glass curtain walls to be completed for LEED certification. 
The city of Boston has a financial policy that separates their operating budget and capital 
expenditures budget. There is no transfer between these funds, which means that any savings that 
amount from capital investments do not go towards operating costs. The revolving loan fund 
program would therefore allow for the savings to be reinvested into the operating cost, which 
would limit the use of capital investment funding. 
One of the drawbacks to this solution is that the savings go back into the revolving loan 
program and do not directly affect the operating budget. This proves to be problem during 
budgeting because funds cannot be extracted from the program to supplement other facility 
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budgets. This rigid guideline of the loan program is one of the main reasons the city of Boston 
has not undertaken its implementation. 
For these reasons, we suggest that the city of Boston set up a revolving loan fund that is 
used for energy efficient upgrades to accelerate the modernization of the city‘s municipal 
buildings. We also suggest that the city only put a percentage of the savings into this loan fund, 
so that there is flexibility allocate savings to other programs. This will allow the city to save 
money by making their buildings more energy efficient, while generating savings for further 
development of other programs and job opportunities. 
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APPENDIX A: DESCRIPTION OF SPONSOR 
 
Our sponsor is the Environment Department of the city of Boston (City of Boston, 
Environment Department, 2010). This is a branch of the local Boston government that is in 
charge of all environmental issues in Boston. Their mission statement is ―The city's Environment 
Department aims to protect our built and natural environments and provide information on 
environmental issues affecting Boston. Sound management and environmental practices will 
help ensure the future of our livable city. The Environment Department protects Boston's wealth 
of historic sites, buildings, landscapes, and waterways through protective designation and 
review‖ (Environment Department). 
 This department is allocated a budget each year by the city of Boston, which gets its 
money from tax-payers and from the state and national governments (City of Boston, 
Environment Department, 2010). The operating budget for this department, reported in 2010 is 
1.3 million. The majority of this budget goes towards paying the salaries of the department‘s 
employees. This department employs around sixteen people who include the Commissioner, 
Chief of Environment and Energy, Receptionist and Architect. There is also the constant 
problem of their budget fluctuating from year to year based on the economy and legislative 
decisions. That being said they are a branch of the local government and therefore have a fair 
amount of power in their specific field. The Department oversees the Boston Landmarks 
Commission, the Historic Districts Commissions, the City Archeology Program, the Boston 
Conservation Commission, the Air Pollution Control Commission, and the Environmental 
Review / Impact Assessment Project. We will be working directly with Bryan Glascock, the head 
of the department, on our IQP. 
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Figure 28 - Organization of Environment Department [Flow Chart]. (2010). Retrieved May 
1, 2010 from http://www.cityofboston.gov. 
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APPENDIX B: CAPITAL EXPENDITURES  
 
We received this spreadsheet of the capital expenditures from the City of Boston‘s 
Budget department.  It shows the capital expenditures per year at each branch of the Boston 
Public library system. 
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APPENDIX C:  CONTRACT INVOICES OF CAPITAL INVESTMENT 
In order to ascertain the specific upgrades that were undertaken at each branch, we received 
contract invoices from the Property and Construction department. However, these invoices gave us 
minimal information as the upgrades were only itemized by the contractor for payment but no exact 
dates of completion were attached. 
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APPENDIX D: SURVEY FORMS 
 
The City of Boston has kept records on their historic buildings in the Environmental 
department because the historic building commission resides under their control.  Of the Branch 
Libraries currently owned by the city of Boston, only a select few have survey forms because of 
their historic architecture, and are listed in this Appendix. 
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APPENDIX E: ELECTRICAL ENERGY USAGE RECORDS 
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APPENDIX F: CRITICAL REPAIRS 
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